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VlIL Agronomical Obfervatiom. In two Letters from M. 
Francis de Zach, Profejfor of Mathematics^ and Member of 
the Koyal Academies of Sciences at Marfeilles, Dijon, and 
Lyons^. /o ilkfr. Tiberius Cavallo, F. R, S. 



Read December 23, 1784. 

S I R5 Lyons, April 4, 1783. 

I SEND you the account of the obfervations on the eclipfc 
of the moon? which I have made together with the rev. 
Father le Fevre, Aftronomer at Lyons, in the Obfervatory 
called au grand College ; to which I fhall add the obfervations of 
the vernal equinox ; fome obfervations on Jupiter's fatellites, 
made at Marfeiiles by M. Saint Jaques jde Sylvabelle ; 
and, laftly, a new folution of a problem that occurs in com* 
puting the orbits of comets. If you think that thefe obferva- 
tions do in any way deferve the notice of the Royal Society, I 
fhall be very glad you %vould communicate them. In order to 
afcertain the going of the pendulum clock, I took feveral cor- 
refponding altitudes of the fun, which you will find in the fol* 
lowing table. On the day of the eclipfe the fky was very 
ferene, nothing could be finer, and it continued fo during the 
obfervation. I determined to ufe an achromatic teleicope of 
3I feet length, that fhews objeds in their natural polition, be- 
caufe the diluted and uncertain termination of the true fliadow 
of the earth appears more perfectly defined by fmall than by 
Vol- LXXV, T large 



large telefcopes, which magnify too mwh, and give too great ;i 
tranfit between the penumbra and the true dark fhadow. On 
that account feme celebrated aftronoraers advife to ufe for the 
eclipfes of the moon no greater telefcopes than of four or five 
feet length. It was remarked at Paris, that in an ecliple of 
the moon, obferved through a telefcopeof DoLLOND^the focus 
of its object lens being 30 inclies, and likewife through a tele- 
fcope of five feet length ; the eclipfe appeared to begin 4^ y^"" 
fboner, and to end 4"^ 7^^ later, through the fmall than 
through the long telefeope ; the like has been remarked by 
feveral others, and it has been alfo obferved by my feif. As to 
my obfervations I am tolerably fatisfied with them^ as they do not 
differ materially from thofe of Father le Fevre, though it is 
known that in eclipfes ^f the moon no greater exa£tnefs than 
that of a minute can be obtained. The moon's fpots were 
carefiilly obferved ; for it is known, that the mean of the pb^ 
fervations of the moon'^s fpots is fufficierit to afcertain the 
longitude of a place to 4''^ or 5^^ nearly, M. de tla Lajstdb 
comparing the obfervations of the moon*s fpots in an eclipfe^ 
made the 2 2d of November, 1760, ia Vienna, bythejmpe*' 
rial Aftronomer Abbe Hell, with thofe made at the fame 
time in Pari« by M. Messier, finds the difierence of meri^ 
dians to be 56^ i^^^^ which agrees very exaftly with thai afcer- 
tained by ether means,. 
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19th March, 1783, 
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The fiin*s upper limb at the horiz6nt?il ^ 
wire of the firft telefcope on theeaftern > 
fide - - • J 

Sun's upper iiiub at the ftme alritude on ' 
the weftern fide of the meridian 



Dividing the fum by 2 — - 

Sun*s center on the meridian as marked by 

the pendiiluna dock - - 

Equation x)f the day 

Clock flower than equated folar tinae 
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clock flower than equated folar time 19th March 216 

^ .-— — . 1 8th March 19 32 
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Retarding of the clock upon 23 h. 58' 8 



^ 34 



I obferved too the mid- day at the great gnomon of the ob- 
fervatory, and found at the fame time the meridian line erro- 
neousby 19-. as you will find in the following tables. 



« liMlai«iMN|iii«MiMMn*HMMMM 

h 



When the center of the fun's 
image was on the meridian the 
time pointed by the clock was 

Equations of thofe days 



) 



the 
17 th 
Mar. 



11 so 50 

12 8 33 



the 
1 8th 
Mar* 



Retarding on equated folar time | 

Retarding the 17 th 

Retarding of the clock during thofe 24. hours 



17 43 
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1 1 48 56 

12 8 15 



19 ^9 
17 43 



136 



the 
19th 
Mar, 



the 
1 8th 



11 47 3 

12 7 57 

20 54 
19 1^ 



I fij^ therefore the retarding of the clock i' ^$'\ 



True 
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True mid-day concluded by the fun's correfpon- 

dent altitudes as the ci'ock marked 
Equation of the mid -day • • 

Retarding of the clock at the rate of l' 35" | 
per 24 hours • - / 



True mid-day the pendulum clock &o^ldl 

have marked - • - j 

Mid^day concluded at the gn>omoa of theT 

obfervatory - - - - / 



DifFerense, the error of the nifeeridian line 
or gnomon ■ ' » ^^ 



i m i.iiiii<i<iiiiinii»i n iiniiii<— 



the 
1 8 th 
Mar, 
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II 48 42 

- 18 
+ 13 
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\\ 48 37 
II 48 56 



19 



the 
19th 
Mar. 
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II 46 5^ 



II 46 44^ 
II 47 3 
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From thence I concluded,. 
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Mid-day at true folar time 1 1 S9 60 

Mid-day the clock fliouldl ^R 27 

have marked ott the 1 8th J ^ 37 



Eetarding upon true fokr 

time * « 
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II 23 
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Mid-dayatequatedfolar time t% 8 15, 
Mid-day the clock fliouldl g 

have marked oathe i8th.j ^ ^ 37" 



Retarding upon equated 
folartime 
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Obfervations of the moon's ecllpfe the i8th March, 1783. 
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My obfervu-tions with an achromatic tclelcope of aj 

feet length. 



IMMERSIONS. 

rhe beginning of the eclipfe very doubtful. 
Shadow touches Grimaldi 
Cyrimaldi all in the (hadoxv 
Shadow touches Mare Humorum 

Copcmieus 



■«••■ 



CopernicuB all in the (hadow 
Tycho touches the fliadow 
Eudoxu3 . .>. , ,1 



— all in the ihadow 



Marc Serenitatis touches the fliadow 

"" "■■■ ■' N the (liadow in the middle 

all in the (hadow • 



Proclus touches the ih?ido\v 
MarcCrifium touches the (hadow 

ftiadow in the middle 
all in the fliadow 
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Total immerlion 

E M E It « I O N S. 

'k^ginning of the emcrfion 

Orimaldi cn"»crji;ing 

— -n^—^ all out of the Hiadow 

Marc H\)n"iorum emerging <• 

Total emrrfion of Mare Humorum 

Copernicus all out of the fnadow 

Maro ^*crcnicati» all eincr;^cd 

Mare CriGum ail ^uicrfTfd 

P^nd of the <;clipfo 

Total duration v v 



Time marked 
by the clock. 
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7 41 45 

7 42 54 

7 49 3* 

8 o 21 

8 2 29 
8 6 18 
8 12 19 

8 13 43 
8 16 7 

8 21 31 
8 25 54 

8 32 21 

8 33 29 
8 35 36 
8 36 56 



True or ap- 
parent time. 
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10 19 57 




10 23 33 




10 24 9 




10 29 34 




10 35 37 




10 43 6 




10 57 32 
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11 '5 44 




II 20 10 
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7 53 39 

7 54 48 

8 I 27 
8 12 16 
8 14 24 
8 18 13 
8 24 15 
8 25 39 
8 28 3 

8 33 27 
8 37 50 
8 44 18 

8 45 26 

8 47 33 
8 48 53 
8 50 55 
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10 32 2 

«o 35 38 

10 36 14 

10 41 39 
10 
10 

II 
u 

11 32 18 

3 39 



32 

35 
3^ 
4« 
47 43 
55 12 
9 39 
27 5' 
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Father 
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Father VB Fevre's oMbvttions 'mtk a re§Q©x>r $$ inches 

focal length, magnifying 300 times. 
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IM ME R &I O N S. 
Grimaldi touches the ihadow 
tCepler touches the fhadow 
all in the fliadow 



nattt* 



Copernicus touches the fliadow 
— «— - alF'in the fliadow 



Mare Serenitatis touches the fliadow 

. — ^ » . . u all in the fliadow 



Mare Crifitim touches the fhadow 

— —- ^^^ all in the fliadow 



STotal immeriion 

E M E R S I 

iBeginning of the eroerfion 
prrimaldi emerged 
ICeplerall out o^ the fhadow 
Copernicus all out 
Mare Serenitatis all out 
Crifium all out 



N S. 



End of' the eclipfe 
Total duration 



Time by the 
clock. 



7 41 43 
7 5^ ^ 

7 53 U 

8 O 22 

8 2 26 
8 16 7 
8 26 2 
8 33 28 
8 36 56 

8 38 54 

10 19 42 
10 23 24 

^Q 35 43 
10 43 4 

10 57 19 

11 15 50 

ii 20 22 



Apparent 
tiiine. 
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3 

5. 
12 



37 
57 

17 



. 7 
8 

> 8 

8 

8 14 21 

8 28 3 

8 37 58 
a « 215 
8 48 53 
8 50 52 

10 31 47 

10 35.29 

' 10 47 49 

10 55 10 

1 1 9 26 
11 27 57 
II 32 30 

3 39 20 



The obfervation of the vernal equinox, was made at the 
gnomcMi. The height of this gnomon, taken fi*om the center 
of the hole by which the beams of the fun come in, is 1878^ 
lines of a French inch ; the diftance from the bottom of the 
gnomon to the equino(3:ial point is 1928; the diftance from the' 
upper limb of the fun's image to the equino^lkl point was 
found- 16,7 ;. the diftance from the ujider limb 2354; the dia- 
meter of the hole =^6 i-. therefore the diftance fi'om the hot torn 
to the upper limbipaS - 16,7 + 3 = 19145.3, to the under liml>> 
1.9284-23,4— 3=194854; which gives the time the equi^ 
nox happened the 20th of March, 5 h. 56^ 52^'' P^M; 

Obfervatic^s. 
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Obfervations of Jupiter's fatellites at Marfeilles. 
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April 3 
May 19 

June 7 



hh 5 

20 
20 
21 
27 
Aug. 6 

13 

Sept. I 

14, 



Iitimernon of the !fl; fatellite at 
Imm. Ill fat. 



Apparent ] Obferva 



tune. 



«-^, 



// 



h. , 

2 22 56 
12 



I ^ 48 



tion. 



good 
good 



Imm. IVth fat. was not total, but its light 'diminiflied fcnfibly without] 

ever difappearing 5 the Iky wasferene, and Jupiter had fix belts ver] 

diftin6Uy. 

Emerfion of the Ift fateHite 

Em. Ift fat. • - • 

Em. lid fat. '•- » - 

Em. Illd fat. * 

Em. lid fa-t. - « « 

Em. Ift fat. 

Imm. Hid fat. 

Em. Ift fat. • • * « 

Em, Ift fat. • - « 

Em. lid fat. 

Em. Illd fat, - 

Em. Ift fat. 



I 29 46 


good 


II 43 59 


good 


9 17 28 


good 


. 9 27 13 


good 


^i 51 59 


good 


10 I II 


good 


10 40 33 


good 


8 21 20 


good 


10 18 49 


good 


8 55 39 


gooa 


9 4^ 44 


doubtful 


8 6 48 


good 



IT Is known, that the mdired method to calculate the orbits 
of comets in a conic fedion, by means of three obfervations 
given, is rendered more eafy and expeditious if there is a pofli- 
bility of drawing a graphical figure that reprefents nearly the 
orbit under confideration^ by means of which the calculation 
IS direded, and the required elements of the comet's path may 
be rigoroufly determined. To draw the orbit of a comet that 
moves in a parabola or ellipfis, the problem is reduced to find 
the pofition of the axis and the perihellal diftance ; this pofi- 
tionof the axis will be determine as {oon as the angle is 
known, that the axis forms with another line, whofe pofition 
is given ; this line may be an ordinate to a given point of the 
curve, or a tangent, or a radius vedor, &c. The latter is to 

7 be 



be employed in preference, b^caufe the perihelial diftanCe being 
a%dnftant quantity, the angle of pSfitionthen becomes the true 
ianomaly of the comet ; but as the data of this 'problem are 
only geocetitric longitudes sind iatittides '^df the comet, de- 
duced from the immediate dbfervations of right afceniion ancl 
dcGlination, the heliocentric lpnj;itudes and latitudes muift 
firft be calculated ; biit as thofe data are not fufficient, what is 
not given muft be arbitrarily fuppofed, viz, the {hortened dis- 
tances f^y^^^/Z^i curtatas)nL\ii^ fuppolitian is changed and alterel 
until the Calculation will agree with the threfe obfervations, 
*hen the cliffeFcnCe between two longitudes is the angle com- 
prehended between the two fhortcned diftances in the planeof the 
ticliptic;; the whble reduced to the ^plane of the comet's orbit by 
means of the heliocentric latitude, gives the difference bet weeE 
the anomalies comprehended by two radius vedlors^ the pr©blem 
then is reduqed : two radius vectors being given, with the angle 
comprehended, to find the two true anomalies, tlie pe;rihelial 
diflante, and the timethe comet ^puts in "run rfingitsMomalies^ 
Let therefore 'v^^^ts reprcfent the ecliptic at an-infinite dif- 
t^nce ; QPR the apparent elliptical or parHbd&ial f atii of a co-^ 
met; S the -fun's centervtPthe^om^t^speriifeHGn; T the place of 
the earth when tht cornet was firft dbf^vedinC ; I the earth's 
place when the eom€t wasbbferved in K; ST:^-^^, SI:^^, the 
diftances 'from the earth ^to the fun at the firft and fecond obfer*. 
vation known by aftroiwmical -tables ; let Cm and K;^ be twe 
perpendiculars to the planeof the ecliptic, it will be S/^^ ^^ 
S^^ V the two fliortened diftances. 

The 6Bferve€ geocentric iongittidc^ of the com^^t m Xtzazizfz "^y^G ; 
the obferved geocentric longitude of the comet m Irza-r.arc TV:5*Hi 
the geocentric longitude of thefun by tables in Trr^z:arc T V:f ==i=A,J 
the geocentric longitude of the fun by tables in I=i|5z:;arc T V^=s^B« 

Vol, LXXV. 
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Now for the firft obfervation the ^ngle of elongation \$h^a% 
for the angle ATG = arc AG = t vj«& A - t vjQ = long.o - long* 
comet. =s ^ — 43; J, 

the angle of the annual parallax StfpV :=:• '- '^ =^e; 

the angle df commutation ;5vST = j so'^ "" ^ + (^ "^ ^) "^J^ J 

from whence the heliocentric longitude of the comet =s 

The fame at the fecond obfervation in L 
Angle of elongation z: /3 - a;. 
Angle of annual parallax g=: ^"' - J^'^ — 'i 

Angle of commutation (p=r j g^o ~b + (/3 - a) ; 
heliocentric longitude of the comet in I = /3 - 1 80^ -H ^ =^ y 1^ 
putting now the heliocentric latitude feen from S=?i; 

the geocentric latitude feen. from T=: / f 

tlje heliGcentrle latitude will be ^^-^ ' _^y. — tang.,>^ ; 

the fame with Kn ifcwillbe '"l^V^ 'v" =^ tmt^. v. kelioceutoc 

latitude in K* 

Having thuS: dist^rmiiiedf tl|e hefocentpc latitudes! of two 

obfervations, thq radius ve(Siors vvill eafily^ be fpijnd in^tlie lupr 

poiition made fpi^the fhortenedi diftan£e%, fo^ 

lame ratio to the radius veftprsf as- the qofin# c^f the helloeen^ 

trie latitudes are to the radius ==^1 ; therefore the radius veftoi^ 

;;^ of the firft obfervation will^bezz—^ and the radius vector: of 

the fecond obfervation p- — —-[7; - 

Taking now the difference between the founds heKocentria 
longitudes, we get the heliocentric motion of the comet upon 
the ecliptic between tvi^o fhortened! dlftances^ which is to be 
reduced upon the comet's ortjif, this^ heliocentrif: naotlon is 
therefore y "^ Z ^ ^* Now to reduce this motion we have, firft^ 
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€nus totus =3 1 is to cofine nt :: as cotangent k is to the tan* 
gent of an angle which I put s= ;r, an<i 90®-^=^^ will 
give aii angle which I put ^ q. Laftly^ the analogy 
<:of. n : cof. ^ :: fin. k\ will give the cofihe of an angle tf^, 
which is the required motion upon the orbit, or the angle 
comprehended between th(2 two radius veftofs m and fc* Let 
therefore ECPMND be the alpparent parabolic path of a conaet ; 
S the fun*s center 1 M and N two places of the comet, the angle 
MSN equal to its motion in longitude, or the comprehended 
angle 4/; P the perihelioh ; it is required to find the two ano- 
malies PM, PN, that is, PSM and PSN, thiperih^ial diiP- 
itance SP, and the time the comet employed to come from its 
|)eriheli6n P to M and N* 
Refblution, 



In the right-angled triangleSMRand SN Vwe h avc 
MR ^ OS=/w fin. i^^x) N V - QS=/* fin. x% 
therefore 0^=^p - m (Jm. i}/ '^^x) and PQp 
l^^j^fcfin. ^; but by the nature of the parabola 
wehaveSM=AP + POai^dSNrrAP + P(^;thatis 
m':zip^ m (€m^ 4^ — ^1 fL^ip:=p(Jt. fin> a? 

m^m (fin^ ^t±:XJz-lp fL±:fl fixt. x=:l p 

/w{l+fin^i{;=t:x)rr Iji ^ (irpfin. ;^) ==:|^ 

I -f fia. /il/ :±: x\:=Z -^ I =fc: fin. X zr t^\ 

cutting into alum 1 4- fim fiL^A?) i- 1 dbfia. a; :=s — -f— y reduc 



SMrz^ 

MSN = 4. 

NSB:=:a: 
MSB=r(iI/±;^) 
Parameter 2r^ 



■a: 



int 2(* 



f/m-\'fjt. 



tion made 2r!r'fiii.tv + fin. (4^=±r a;") == f -— — V by trigdh^- 

fnetrical formulae we have fin. (4':^^)z::fin. 4^ cq>f. ATztfirl. x 
cof ip. SubHituting this ekpreffion in its place we obtain^ 

2 =^ fin. a: + fin.i|; cofi^^dtfin . ^ cofii|/ — / ^^^--^ j p. By the fanie 

^rmulag' we have co£^ j\^^ i - fin.* j^ and cof x^\/i —fin/l^c 
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15© M. B^^hc^^Mftrmommlt^ . 

The angle x defines therefore the pofition of the axis aiil 
the two anoraalies recjuired, the perlhelial diftance beiiig 
/ -8 2jt^rfc 2|A iin, AT, it will be known alfo by the angle x. 

In order to find the time the comet employs in running its 
aEomalies., let the perihelial diftance juft now in vefti gated/ be 
equal to the radius of the earth's orbit, the parabolic area 
fwept by the radius vedor will be by the nature of the para- 
bola f PO X OM + 1 SO X OM = 4P0 x om^ x^ om ^ ^^ 

the periphery of the eartli's orbit is 7 ; 22 :: 2/: ^J> ; 

therefore the whole area ^.f/rtY^*. It isJknoWn that the 
velocity of a heavenly body moved in a circulai^ p^thl^ is to 
the velocity in a parabolic path in the ratio s/z : i • If the pa- 
rabolic area of the comet is divided by s/% it comes oWt 
4POxOM^3SQxM0 _^^^ ^ ^^ ^^ ^^ ^^ earth defbribes m 

the very fame timei put therefore A equal to the time of a 
fidereal year, we ihall recovfer the analogy ; the whole area of 
theearth^s orbit is to the time in which it is deforibedas the 
parabolic area is to the time confiimed in fweeping it; thtereforo 

S^ />- : A :: i^^-J^^ ^ ^^ ^^'^ ^ 'J?^ ^^ ? but OM = 

SM . fin. anom* PSM and OS=:SM • mL anom. PSM; let 
the anomaly bezrl, we have OM—m fin. I, and OS =#2 co£ I ; 
therefore VO =zp — m cof. ^, Subflituting w-e obtain 

7 A (4/> — 4wcof. l-^^mc0L ^m{m4^ which is 7^ (#-"^ ^^^^ ^) ^ ^^"' ^ 

72/^2 72 /V a 

whfereby the time is found in parts of a fidereal year. 
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S I If Byons^ May 4v 17^3,^ 

LATEl^ I'l^ceivedfrom riie Gbfervatory: at/ MarleiWos ihe 
©bfervatioii of the tranfit of Mercury, which happened tHe i2tk 
Nov. 1 78a.. The Iky not being very favourable^ only the two m* 
tErnal contacts were obferved;. the firft internal contacftiwaaob- 
ferved by M. St. Jacc^es de Svi^VitBELBE, at 3 K. 18^ 30- 
apparent time ;; the lafl: internal contact by M, S^r^ J:ACC^E%.at 
4h. %d i6''^i by M. BjSRNAiiiJ^his Adjun^hi^* at4;h.^ 13^^.. 
The nearefl: diftanctes of M^rcur^s limb to thatof th^ liin ia 
ihe northern part of its 410: v^^re at 

3 33 h| 3^ 

3^43 57 V 34 J^ part^ of tfte micrometfeK 

Tle^ apparent diameter of the ftn wa^ 2^1 74 parts of this m 
urometer: I flip{x>& the Before-mentioned 2174 |mrts— ja 
26^^,9. 1 coneludfe farther;, by the obflirvations, the middle of 
thetranfitat 3h. 54'' 7^''525r whereas T fix^ by interpolation^ 
the diftances of the limbs at 3.h. 54^ |^^jl5=35''''5 6 j- 1 have 
rflfrefbre-'fteii-diametdi^^'of^'-'-the^ jEtjnv;±r t.6:^^'^i;3(^^4'--3^^'',6 =:;„ 
1 5^ 37'^8 4-lemi-diameter of Mercury— ^^ s? 15^ 43'^; 8/= to t^^ 
Ibafl diftance of centers of the fcrnand^ Mercury. By Mi be 
BA Lanbe's tables it is 15^ ^\ only a difference of i%8. 

M, WAI.LOT at Paris has obferved this tranfit at the Roy at 
©bfervatory^ 



If 



n* ,. fj.. 



Fi r ft external cofitg® a. ^^ 28 

Firft internal conta£l^ 3 %^ 3 

Second - « 4 17 18 

Second, external «■ 4,^. 2^ 53 
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w^^ M. 'SB-Zsch'b ^roncmkdlGbfefmihm^ 



1 only add an important remark upon the diameter of Mel> 
cury, which the aftronomers fuppofed in this traHifit r: € z^\ 

Let ABC reprefent the funV dilk ; in P an external in Q^am 
internal contad ; ANC the apparent path oC Mercucy, over the 
fun. 

The femi-diameter of the fun =: ^^2^\ this of Mercury in our 
fuppofition m ^''^j MNi=942''^ the leaft diftances of the centers. 
In the right-angled triangle MNP it is MP t-:;^;^''' 4- 6'' = ()^%^\ 
MQ = 972^^ - 6^^ =. 966^'' ; tlierefore NP will be found r: 260'''^ 
and NQ^iz: 2 10^^ : now NP ^ NQn PQ;— 50^^^ which converted 
into time gives 8^ 14^^ for the time the diameter of Mercury em- 
ployed to run over the limb of the fun ; h\xt by the ©bfervations 
of M. Wallot I find this time conftantly in both contacts 
5^ 35'^ 5 therefore "8^ 14'^ : 12'^ :4 5^ 35'^ -8^^I37t which 
fhould be the diameter of Mercury ; and indeed M, Wallot, 
by an. immediate meafure, taken with an excellent wire-micro- 
meter, :finds this appar^ent 4iameter not greater than 9^^ which 
fufficiently fhews that this diameter fuppofed 7^^" in the m^am 
diftance is alfo too great. 

lam, &c. 




Pht/o,f, Tran>s'. Vo/. XXXF. Tabyi./^. tf/j . 
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